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gources and Chronology of Nitrate
Contamination of Spring Waters:
Integrating Science and Policy
Decisions

w&ﬁ-.lf_aﬂ‘ (850-942-9500; bkatz@usgs.gov)

James A Stevenson? (850-487-1750:
: James.Stevenson@dep.state.fl.us)

ir.s. Geological Survey, 227 N. Bronough St., Ste.
3015. Tallahassee, FL 32301, United States

Iplorida Dept. Envir al Pro ion, Carr
Building, Tallahassee, FL 32399, United States

Human health and ecological concerns have arisen
,.I‘ﬂrdi"g spring watgrs in Florida as a steady increase
. nitrate concentrations has been observed during the
Last 30 vears. The extensive aesthetic. cuitural, and
|.creational value of these springs. which also supply
water for human consumption and support critical eco-
Lgival habitats, could be threatened by the presence
[ nitrate As part of the response to these concerns
W the State of Florida. several research studies have
sed various chemical and isotopic tracers to determine
urces of nitrate contamination and age of ground wa-
r discharging from springs. Since 1997, 60 water sam-
.iwx have been collected from 44 springs and analyzed
o sotopic (5N, 3H/3He, 180, 2H. 13C) and other
pemical tracers (CFCs. major ions. dissolved gases,
) Delta 15N'values of nitrate ranged from 2.6 to
29 per mil (median = 5.8 per mil) and indicated that
\trate in Most spring waters originated from synthetic
ectilizers. CFCas, H/%He, and SFg, used to estimate
.4 residence time of ground water discharging from
prIngs. indicated that spring-water ages ranged from
< t» 39 vears. Concentrations of these multiple tran-
wnt tracers are consistent with a two-component hy-
srologic model with mixtures of varying proportions of
,oung water (less than 8 years) from the shallow part of
.ne aquifer system and older water (20-50 years) from
.ue deeper part of the flow system. Given residence
..mes of 20-40 years for ground water discharging from
4ust springs. it could take decades for nitrate concen-
cations to decrease to near background levels. even
sith immediate reductions in nitrogen inputs to the
wnd surface. These research results are being used by
. State of Florida to inform elected officials. water-
wwource mangers, and planners that decisions about
wd use today will affect the quality of ground water
. springs for decades.
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Nitrate Source, Transport and Fate in
Ground Water Near La Pine, Oregon

stephen R. Hinkle! (1-503-251-3237:
sthinkle Qusgs.gov)

i K. Bohlke? (jkbohlke@usgs.gov)
lihn H. Duff3 (jhduff@usgs.gov)
David S. Rlorganl (dsmorgan@usgs.gov)

Rodney J. Weick? {weick.rodney.j@deq.state.or.us)

‘U, Geological Survey. 10615 S.E. Cherry Blossom
Dr.. Portland, OR 97216, United States

1.5, Geological Survey. 431 National Center. Reston.
VA 20192, United States

s, Geological Survey. 345 Middlefield Rd., Menlo
Park. CA 94025, United States

‘Oregon Dept. of Environmental Quality. 311 S.W.
tth Ave.. Portland, OR 97204, United States

A shallow, sandy aquifer serves as both the source of
sinking water and the receptor of septic tank effiuent
T most residents in the vicinity of La Pine. Oregon.
fixh concentrations of NO3~™ (>10 mg NO3z~-N/L)
"t were observed in study area ground water in the
iy 1980s. A framework for understanding NO3~ dy-
vies and a conceptual model in support of a numer-
s ‘.\103“ transport model are described here.
Geochemical and hydrogeologic data were collected
4 varicty of scales to develop an aquifer scale (640
area. 37-m thickness) understanding of NOg~
. K"”‘i advection, dispersion, and fate. A network of
" ! rxisting wells, two transects of monitoring wells in-
died aloag ground-water flowpaths. a dense array of
““t-push wells installed perpendicular to one of the

o

tr + and three wells installed in septic tank efr
fluent plumes were sampled and varioualy analysed for
common ions, nutrients, dissolved organic carbon, field
parameters, dissolved gases, isotopes of water and ni-
trogen, and age-dating tracers (CFCas, 3H, 3H/3He).
Nitrogen isotopes, N/C1™ relations, age gradients,
and hydraulic considerations indicate that septic tank
effluent is the dominant source of NO3 ™ in the aquifer.

Most NOg~ currently resides within the upper 5 m
of the aquifer, due in large part to low recharge rates
(CFC-based ground-water age gradients indicate a me-
dian recharge rate of 5.1 cm/y) and low hydraulic gra-
dients that limit advecti High ations of
NH4+ (up to 39 mg NH4+-N/L) weare observed in deep
(generally > 37 m) ground water (water that, for the
most part, resides beneath the primary aquifer). Ni-
trogen isotopes, N/Ci~ and N/C relations, 3n data,
and hydraulic considerationa point to a natural, sed-
imentary organic matter source for this NH4+. Re-
lations between NO3 ™, C17, and geochemical indica-
tors of redox conditions, and relations between concen-
trations and isotopes of N, indicate that denitrifica-
tion is extensive in the study area. Denitrification oc-
curs near the oxic/suboxic boundary. Laboratory deni-
trification experiments with aquifer sediments confirm
the existence of a denitrification capacity in sediments
currently exposed to NO3~ ., and also demonstrate a
latent denitrification capacity in sediments collected
from what is currently NOg ™ -free ground water.

Our data allowed development of a framework and
a conceptual model for the NO3 ™ transport model.
Septic tank effluent is the dominant NOg3 ™ source
term; census data were combined with study area sep-
tic tank effluent data to estimate NO3 ™ loading terms.
Concentration data from a dense array of wells facili-
tated estimation of dispersion. Advection of NOg ™ oc-
curs until NOg™ reaches the oxic/suboxic boundary. at
which point denitrification quickly resuits in reduction
of NO3™ to Np. Age-dating data were combined with
hydraulic head, slug test, and ground-water/surface-
water interactions data to constrain and calibrate the
transport model. Results from the transport model are
being presented by Morgan et al. in a separate Fall,
2002 AGU session.
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Isotopic Evidence for the Impact of
Playa Water on Shallow Groundwater
Flow in the Snake River Aquifer
Beneath the INEEL

Mark E Conrad! (510-486-6141; MSConrad@ibl.gov)

Donald J DePaolo! (510-643-5064;
depaoclo@eps.berkeley.edu)

Erick R Neher? (208-526-5449; NEHEER®inel.gov)

! Lawrence Berkeley National Laboratory, MS TOA-
4418, Berkeley, CA 94720, United States

2’Ida.ho National Engineering and Environmental Lab-
oratory, MS 3930, Idaho Falls, ID 83415, United

States

The Idaho National Engineering and Environmen-
tal Laboratory (INEEL) is located on the Snake River
Plain in eastern Idaho. At Test Area North (TAN)
on the INEEL, waste consisting of low-level radioactive
isotopes, sewage and chlorinated solvents was injected
into the upper aquifer through a 95 m well, resulting in
a 2 km plume of TCE in the groundwater. The geology
consists of fractured basalt flows separated by sedimen-
tary interbeds. The depth to groundwater at the site
is 65 m. At 120-160 m depth, a continuous interbed
(the Q-R) acts as a confining layer between the upper
and lower aquifer. The primary direction of flow in the
Snake River Aquifer is NE to SW, but flow at TAN (as
defined by the TCE plume) is perpendicular to the re-
gional flow, starting out to the east and bending to the
SE. Possible causes of this anomalous flow include in-
Jjection and/or infiltration of wastewater. infiltration of
water from ephemeral playa lakes (dry for the last 50
years due to agricultural diversion), or heterogeneous
permeability due to subsurface geological features. Un-
derstanding this flow is critical for determining the risk
factors associated with the contamination.

We have measured the isotopic compositions of sur-
face and groundwater from TAN. Water above the Q-
R interbed is evaporated (6180 values shifted up to
3%/50). The degree of evaporation increases towards
the edge of outline of the closest playa. The 87Sr/BGSr
values are very uniform (0.71035:0.0001) and are equal
to samples from the playa system. Conversely, water
beneath the Q-R is not contaminated and is isotopi-
cally distinct from the water above the interbed (no
evaporation, 8-’Sr/BGSr values >0.711). The playa wa-
ter is the primary factor producing the flow patterns
observed in the TAN area. Radiocarbon ages calculated
from the 14C of DIC are 1800 to 2800 years BP, giv-
ing infiltration rates of 2-3 cm/yr. Given the possibil-
ity of subsurface DIC exchange with carbonates, these
ages should be considered minimum ages, however, they
suggest that the playas will affect groundwater flow di-
rections well into the future.
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Chemical and Isotopic Tracers of
Groundwater Sustainability: an
Overview of New Science Directions

Thomas Builen (650-329-4877; tdbullen@usgs.gov)
U.S. Geological Survey, MS 420 345 Middlefield Rd.,
Menlo Park, CA 94025, United States

Groundwater sustainability is an emerging concept
that is rapidly gaining attention from both acientists
and water ri particularly with regard
to ine and degradati of water quality in
strategic aquifers. The sustainability of a groundwa-
ter resource is a complex function of its susceptibility
to factors such as intrusion of poor-quality water from
diver#e sources, lack of sufficient recharge and reorga-
nization of groundwater flowpaths in response to ex-
cessive abstraction. In theory the critical limit occurs
when degradation becomes irreversible, such that reme-
diative efforts may be fruitless on a reasonable human
time scale. Chemical and isotopic tracers are proving
to be especially useful tools for assessment of ground-
water sustainability issues such as characterization of
recharge, identification of potential sources, pathways
and impacts of contaminants and prediction of how hy-
drology will change in resp to ive abstrac-
tion. A variety of relatively cost-efficient tracers are
now available with which to assess the susceptibility of
groundwater reserves to contamination from both nat-
ural and anthropogenic sources, and may provide valu-
able monitoring and regulatory tools for water resource
managers. In this overview, the results of several ongo-
ing groundwater studies by the U.S. Geological Survey
will be discussed from the perspective of implications
for new science directions for groundwater sustainabil-
ity research that can benefit water policy development.
A fundamental concept is that chemical and isotopic
tracers used individually often provide ambiguous in-
formation, and are most effective when used in a rigor-
ous "multi-tracer” context that considers the complex
linkages between the hydrology, geology and biology of
groundwater systems.
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Assessing Contaminant Susceptibility
Near Artificial Recharge Operations
by Imaging Flowpaths and Transport
Times With Geochemical Tracers

Jordan F Clark! (805 893-7838;

clark@magic.ucsb.edu)
G. Bryant Hudson? (hudson5@lin!.gov)

M. Lee Davisson? (davisson2@llnl.gov)
Greg Woodside3 (GWobdside@ocwd.com)

Roy Herndon3 (rherndon®@ocwd.com)

xUCSB, Dept. of Geological Sciences University of
California, Santa Barbara, CA 93106, United States

2LLNL, Lawrence Livermore National Laboratory,
Livermore, CA 94550, United States

3OCWD. Orange Coutny Water District 10500 Ellis
Ave, Fountain Valley, CA 92728, United States

Critical for assessing the potential impacts of ar-
tificial recharge operations on water quality is de-
tailed knowledge of groundwater dynamics near spread-
ing areas. Geochemical tracer techniques including
tritium/helium-3 (T/3He) dating and the addition
of trace gases in controlled experiments are ideally
suited for these investigations. A series of experiments
were conducted using these tracers near the artificial
recharge facilities in Northern Orange County, CA.
Here, approximately 2.5 x 108 m3
recharged annually to the groundwater basin. T/3He
ages show that most of the relatively shallow ground-
water within 3 km of the recharge facilities have ages
less than 4 years; further down gradient ages increase,
reaching >20 years at distances more than about 6 km.
Far from the spreading area in the confined portions of
the aquifer there is little evidence for young groundwa-
ter (<50 years). Gas tracer experiments using sulfur
hexafluoride and xenon isotopes were conducted from
two spreading basins and the Santa Ana River. These
tracers were followed in the groundwater for up to 4.5
vears, allowing subsurface flow patterns and flow times
to selected wells to be quantified. Results demonstrate
that the mean horizontal flow velocity range between
0.4 and 2.9 km yr—1. It is likely that the gas trac-
ers were moving primarily through the most conduc-
tive layers and thus these velocities do not represent
bulk flow within all layers. The leading edge of the
tracer plume moved at velocities about twice as fast as
the center of mass. The latter velocities are important
when considering the potential transport of microbes
and other "time sensitive” contaminants because they
reflect the fastest paths in the aquifer. These veloci-
ties can not be easily determined with other methods
showing the importance of geochemical methods for ar-
tificial recharge site evaluation.
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